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Observations
As part of an investigation of solar radio bursts at high time (= 1 msec) and frequency (= 10 kHz) resolution, observations have been made between 30 MHz with the Llanherne broadband radio telescope (Ferris 1980) . The radio frequency signals in the six frequency ranges 30-33, 33-36, 38-41, 54-57 and 79-82 MHz were recorded on six video tape recorders for about 10 minutes each day near solar transit. The recorded signal was subsequently analysed using either a 256 channel filter bank spectrum analyser with a time resolution of 600 /tsec and frequency resolution of 10 kHz, or a time expansion sweep frequency analyser (Ellis 1973 ) with a frequency resolution of 2kHz and a time resolution of 1 msec. Fig. 3 shows spectra from both analysers.
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50 100 Frequency (MHz) Figure 1 . The variation of/-/ slope with frequency of several kinds of solar radio burst. The solid curves represent f-t slopes expected for sources radiating at the fundamental plasma frequency and moving at velocities of 0.5, 0.3, 0.2, 0.1 and 0.05c in Newkirk's (1961) corona. The type III bursts and drift pairs (points belonging to a single burst are joined) were recorded on the same day as the June '67 FDS bursts.
The observations described here were made on 2nd and 3rd June 1979. Results are also presented from observations made in June 1967 (Ellis 1969 increase with wave frequency as shown in Fig. 1 . Also plotted on this graph are the drift rates of drift pairs and type III bursts recorded on the same day. Drift pairs have a slightly lower drift rate than do the FDS bursts (Ellis 1968) . Duration: The duration of a sample of the June 1979 bursts
Figure 3. Spectra of FDS bursts with fringes. The left hand spectra were made with the 256 channel spectrum analyser with 10 kHz resolution. The right hand spectra show the same signal analysed with a time expansion sweep frequency analyser with 10 kHz resolution and 50 power spectra/second (20ms/spectrum).
have been measured. The sample was selected from three frequencies in the same time interval. Table I lists the durations at the three frequencies. Fig. 2 shows a histogram of durations of bursts in the 38-41 MHz band.
It should be noted that there is a significant number of bursts with durations less than 25 msec. Fine Structure: About 1% of FDS observed in June 1979 have fine structure in the forms of bands or fringes of emission running nearly parallel to the time axis (McConnell and Ellis 1980a) . The separation of the fringes is about 100 kHz at 40 MHz and the bandwidth of the emission fringe is often considerably narrower than the gap between the two fringes. Fig. 3 shows spectra of banded FDS bursts. Fig. 4 shows a section of the upper spectrum in Fig. 3 change of plasma frequency in a source which moves with a uniform radial velocity through Newkirk's corona. From this it seems likely that the sources of FDS, drift pair and type III bursts all radiate at the fundamental or a harmonic of the plasma frequency. This 'plasma' hypothesis for type III bursts (Wild et al. 1954 ) is already well accepted. The velocity of the source motion can be estimated from Fig. 1 . The velocities marked on that graph are calculated assuming the radiation to be at the fundamental plasma frequency f p . If we change the coronal model by a scale factor (change N 0 in (1)) or consider harmonic plasma radiation (f = f h = 2f p ) from the source, then the velocities specifying each solid line are altered. For example, iff = f h then the 0.1c line in Fig. 1 becomes an 0.16c line. Since it is unclear whether the FDS bursts occur a t / p or/,,, we can only say that the FDS sources move with a velocity of v = 3 x 10" km s"' = 0.1c.
As mentioned above, some FDS bursts have very short (< 25 msec) durations. The burst duration sets an upper limit to the size of the source. A duration of 20 msec limits the source size to 6000 km. The short duration also sets limits on the amount of scattering of radiation with the corona. has calculated the expected time smearing of short bursts of 80 MHz radiation. His calculations give minima durations of about 0.5 and 0.1 seconds for emission a t / p and f h respectively. These figures are the approximate half-power duration of a burst appearing near the centre of the solar disk and scattered by isotropic density inhomogeneities in a spherically symmetric corona (Riddle's Figure 4a ). Further studies of FDS bursts therefore need to resolve whether fundamental or harmonic radiation is being observed before conclusions regarding scattering in the corona can be made.
Two possible generation mechanisms for fringes in FDS bursts have been suggested Ellis, 1980a 1980b) .
The fringes may be due to the solar radiation having a strong linearly polarised component, being subject to Faraday rotation in the corona and ionosphere and being observed with a linearly polarised antenna. From the fringe spacing the path integral D = NJ3AI (where N, is electron density, B. is the longitudinal magnetic field and / is the path length) was estimated. It was found that near 40 MHz D = 3.8 ± 0.2 x 10 13 G cm" 2 . From simultaneous ionosonde data, the contribution to D from the ionosphere was A * 4 x 10 12 G cm -2 . This corresponds to a total Faraday rotation in the corona of 503 ± 30 radians at 40 MHz.
Modulation shape of the Faraday fringes should be sinusoidal. This is not the case. Figures 3 and 4 show that the fringe profiles are often far from sinusoidal.
The second alternative tries to predict this non-sinusoidal shape by considering a theory (Takakura and Yousef 1975) for the generation of type Illb bursts. According to Melrose (1974) the brightness temperature T of a source of fundamental plasma emission is related to the electron density gradient as follows:
T oc exp (aL -1) where a <x f <T P >AQ cm -> FREQUENCY (MHz) Figure 5 . Variation of brightness temperature T b (arbitrary, linear scale) with frequency for a pair of fringes. The solid line gives observed variation and the dashed curve is derived from a sinusoidal electron density variation.
where/is in megahertz, T t is the ion temperature, T p is the effective temperature of plasma waves confined in a limited range of solid angle Afi, and L is the effective distance over which amplification is possible.
Now
L oc 1 grad o) p where o> p is the plasma frequency and oi p <x N, Vl . Thus the brightness temperature is strongly dependent upon the electron density gradient in the source. An electron stream travelling through a region of the corona with a spatial periodicity in electron density might therefore generate fringed bursts similar to those observed. Figure 5 shows the observed profile of brightness temperature with frequency for a pair of fringes and the profile expected from a sinusoidal variation in electron density. The observed fringe separation implies a wavelength of the density variation of X ~ 1000 km assuming the variation is superimposed upon a Newkirk's coronal density model.
It should be noted that with regard to coronal scattering, the short duration of FDS bursts suggests that the radiation must be emitted at the second harmonic of the plasma frequency. However the coronal irregularity model proposed above for the generation of FDS fringes requires radiation to be at the fundamental plasma frequency. In order to resolve this problem further study of these bursts must aim to determine which harmonic is being observed.
Nomenclature
The bursts described in this paper were named 'fast drift storm' bursts by Ellis (1969) by analogy with type I (fd) (fast drift) bursts in Elgaroy's classification of type I storm bursts. This name now seems inappropriate since the bursts appear in a distinct frequency range to type I bursts occurring on the same day. In addition the f-t slopes of Elgaroy's type I (fd) bursts are nearer to the slopes of type III bursts at the same frequency . Figure 1 shows the slopes of type III bursts and FDS bursts to be different by a factor of about three. For these reasons it is suggested that in future FDS bursts be referred to as Solar 'S' bursts or just as 'S' bursts where S is storm or short. The name is suggested by the similar appearance on the dynamic spectrum of the solar 'S' bursts to the millisecond radio bursts emitted by Jupiter and referred to as Jupiter 'S' bursts.
Conclusions
High resolution studies of solar FDS bursts reveal detail with scales of 10 msec in time and 15 kHz in frequency. From the variation of the f-t slopes with frequency we can say that the bursts are radiated at the plasma frequency or its harmonic. Before the implications of the fine structure on plasma radiation and coronal scattering can be defined it is necessary to determine whether the emission is at the fundamental or harmonic plasma frequency.
I am grateful to Professor G. R. A. Ellis for many helpful discussions and to Mr G. A. Gowland for essential technical assistance. Data from the Culgoora Observatory were supplied by the CSIRO Division of Radiophysics. The author is in receipt of a Commonwealth Postgraduate Scholarship.
